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ABSTRACT 
 We review recent studies of chirality using circularly polarized light, along with the birth and 
evolution of life and planetary systems. Terrestrial life consists almost exclusively of one enantiomer, 
left-handed amino acids and right-handed sugars. This characteristic feature is called homochirality, 
whose origin is still unknown. The route to homogeneity of chirality would be connected with the origin 
and development of life on early Earth along with evolution of the solar system. Detections of 
enantiomeric excess in several meteorites support the possibility that the seed of life was injected from 
space, considering the possible destruction and racemization in the perilous environment on early Earth. 
Circularly polarized light could bring the enantiomeric excess of prebiotic molecules in space. Recent 
experimental works on photochemistry under ultraviolet circularly polarized light are remarkable. 
Asymmetric photolysis by circularly polarized light can work for even amino acid leucine in the solid 
state. Amino acid precursors can be asymmetrically synthesized by circularly polarized light from 
complex organics. Recent astronomical observations by imaging polarimetry of star-forming regions are 
now revealing the distribution of circularly polarized light in space. Enantiomeric excess by 
photochemistry under circularly polarized light would be small. However, several mechanisms for 
amplification of the excess into almost pure enantiomers have been shown in experiments. When 
enantiomeric excess of amino acids appears in the prebiotic environment, it might initiate the 
homochirality of sugars as a catalyst. Astrobiological view on chirality of life would contribute to 
understanding of the origin and development of life, from the birth and the end of stars and planetary 
systems in space. Deep insights on terrestrial life, extrasolar life, and the origin of life in the universe, 
would be brought by consideration of both of the place where life is able to live, the habitable zone, and 
the place where life is able to originate, what we shall call the originable zone. 
1. INTRODUCTION 
1.1 Astrobiology 
 There are a lot of astronomical objects that human beings have been observing so far. Findings 
of new type of celestial bodies have been encouraging us to make a step toward new idea. In the end of 
20th century, we faced the new historical situation. Mayor and Queloz discovered a planet candidate 
around a solar-like star, 51 Pegasi, in 1995, for the first time [1]. They observed spectrum of a star, not a 
planet, and detected the oscillation of the spectrum due to Doppler effect because both of a star and its 
planet orbit their barycenter. This planet is thought to be one of hot Jupiters. The separation between the 
host star and the planet is about 1/20 of that between our Sun and Earth, and the mass of the planet is 
about a half of Jupiter in our solar system. While the terrestrial life seems not to live on this reckless 
planet, this discovery encouraged us to consider the existence of planets around stars other than our Sun, 
extrasolar planets (ESPs). Following this success, Charbonneau and co-workers observed a star whose 
ESP candidate had been indicated by Doppler effect in 2000 [2]. They discovered that the star transiently 
dims because the planet occults the host star when the planet transits between the host star and us. These 
detections of both of Doppler effect and transit on a star indicate the existence of ESPs strongly. Direct 
detection of ESPs has been also tried, suffering from darkness of ESPs very close to the bright host star, 
uncertainties of determination of mass of detected objects, and determination whether the ESP candidate 
accompanies the star. In 2008, Kalas and colleagues reported the direct detection of an ESP using 
Hubble Space Telescope [3]. Remarkably, they compared direct images of an ESP observed in 2004 and 
2006, and showed the orbital movement of the ESP. In September 2010, the number of all the ESP 
candidates is approaching 500. These discoveries in 15 years have impacted us. Now, it would be 
thought that 8 planets in our solar system and ESPs are not special in space. It is possible that another 
Earth would exist around another Sun. Astronomers are searching ESPs, and also biomarkers which 
indicate the existence of extrasolar life [4]. When observational data of a lot of ESPs [5] and their 
circumstances will be available in future, it would lead to understanding many evolutional stages, from 
their birth to end, along with life on planets. Astronomical view involves origins of life on ESPs, which 
might involve the hint of the origin of the life on Earth. Naturally, the new academic field, Astrobiology, 
has been launched in face of the new interdisciplinary stage involving extraterrestrial life and origins of 
various life including us in space. 
 
 
1.2 Habitability and Originability 
 The discoveries of ESPs have led to deep consideration of the possible area where life is able 
to live, a habitable zone [6, 7]: a habitable zone in a stellar system [8], a habitable zone in a galaxy [9], a 
habitable zone in the universe, involving planets [10] and moons [11], and various type of the host star 
[12, 13]. In view of habitability, the spatial distribution of temperatures, and the spatial distribution of 
elements for terrestrial planets and terrestrial life, around the host star, along with the evolution of the 
planetary atmosphere, are sometimes focused on.  
 However, it is still unknown whether the origin of life is always generated in a habitable zone. 
It is important to consider not only a habitable zone, where life is able to live, but also the place where 
life is able to originate, what we shall call the originable zone. A habitable zone and an originable zone 
would not be equal. However, they would have partial overlap. When biomarkers of ESPs are directly 
observed in future, it would be fruitful to consider both of habitability and originability for life in space, 
to confirm the biomarker. In particular, there are ESPs around stars whose type is different from our Sun. 
Generally, we do not know extrasolar life on ESPs, even extrasolar life on earth-type planets around 
sun-like stars. There might be various type of life, and various route to life in space. In this chapter, 
originability is focused on, rather than habitability. 
 
1.3 Enantiomer and Homochirality of the Terrestrial Life 
 Life on Earth consists almost exclusively of one enantiomer, left-handed amino acids and 
right-handed sugars. Enantiomers are some kind of isomers, involving pair. Atoms of an enantiomer are 
bonded similarly to that of another enantiomer, and then chemical property of an enantiomer resembles 
with that of another enantiomer. On the other hand, the spatial configuration of atoms of an enantiomer 
is set as a mirror image of that of another enantiomer. Enantiomers of amino acids consist of left-handed 
amino acids and right-handed amino acids. Usual products of amino acids are racemic, which include 
almost the same quantity of left- and right-handed amino acids. However, the terrestrial life uses almost 
only left-handed amino acids. This characteristic feature of biomolecular is called homochirality, whose 
origin is still unknown. Some right-handed amino acids work for life, and right-handed amino acids 
would be involved with aging and disease [14, 15, 16, 17]. Enantiomers are essential for terrestrial life. 
 
 
1.4 Early Earth and Early Life 
 The route to homogeneity of chirality, which is characteristic of terrestrial life, would be 
involved with the origin and development of life [18, 19, 20, 21]. The age of our solar system is thought 
to be about 4.6 billion years, indicated by analysis of meteorites [22]. When we look back at the 
initiation of life, we would watch primeval Earth and our solar system, where life and its material were 
formed. Earth is thought to be formed by accumulation of planetesimals and protoplanets [23], as well as 
these events seem to occur in extrasolar planetary systems [24]. The accumulation is thought to have 
brought thermal energy from gravitational energy to early Earth, about 4.6 billion years ago. There could 
be a molten magma ocean on early Earth [25, 26], high temperature, and bombardment from comets and 
asteroids [19], as well as magma oceans were present on other bodies in the early solar system [27]. In 
particular, the giant impact [28], the impact between protoplanets accreted from planetesimals [29] 
which would yield Moon [30, 31], would bring a completely molten magma ocean [32, 33], which 
would yield the core and mantle of Earth [34, 35]. Such a heat environment would destroy enantiomers, 
even if homochirality occurred on start of Earth. Therefore, the origin of life with homochirality would 
be initiated after Earth cooled down, in short time before the first terrestrial life appeared (probably 
about 3.8 billion years ago) [36, 18, 19]. The mechanism of production of homochirality is very 
controversial, involving many chemical routes on Earth, and in space [18, 19]. 
 
1.5 The Birth Place of Our Solar System 
 In space, low mass stars such as our Sun can be formed in two-type star-forming regions: a 
massive star-forming region where both high-mass and low-mass stars are formed, or a relatively 
isolated region where only low-mass stars are formed [37, 38]. The decay products of short-lived 
radionuclides in meteorites indicate the birth place of our solar system [37]. 60Fe has a half-life of ~1.49 
million years. This half-life is very short, in comparison with the age of our solar system (~4.6 billion 
years). 60Fe is a neutron-rich isotope that is formed exclusively in stars, e.g., in core collapse supernova 
which is the end of a massive star. The presence of 60Fe in primitive meteorites is confirmed, suggesting 
that a supernova explosion occurred near our Sun [39, 40, 41, 42]. This indicates that the birth place of 
our solar system was located in a massive star-forming region. The nearest massive star-forming region 
is the Orion nebula, and then it is a familiar and important target in astronomy. 
 
1.6 Linear and Circular Imaging Polarimetry in Astronomy 
 Because we can not directly explore astronomical objects far from Earth, it is essential to 
investigate the property of light from the astronomical objects. The property of light involves 
wavelength, and polarization [43, 44]. When the light is scattered, the light is often polarized depending 
on the scattering angle and the optical property of scattering body. In many cases in the universe, the 
light from stars is scattered at the circumstellar matter and polarized. In particular, during the formation 
of star/stars and its planetary system, dust grains around the host star/stars evolve and polarize the stellar 
light. The polarization yields useful information for the circumstellar structures and the property of dust 
grains. 
 The polarization status generally consists of linear and circular polarizations, which are 
obtained with linear and circular polarimetry in astronomy, respectively. In partially polarized light, 
circular polarization (CP) can not be derived from linear polarization (LP), vice versa. To obtain clear 
view of polarization status, it is preferable to perform linear and circular polarimetry with the same 
telescope. The 1.4-m IRSF telescope, which is set up with the SIRIUS camera [45] and its polarimeter 
(SIRPOL) [46], brought the first performance of wide-field imaging linear and circular polarimetry in 
near-infrared (NIR). The IRSF telescope is located at the South African Astronomical Observatory. The 
observations by IRSF/SIRPOL are reviewed in section 4. 
 In the star-forming region, the cloud harbors the forming young star or stars. When a cavity 
exists around the forming star, the light from the forming star preferably propagates in the cavity. The 
scattered light at the wall of the cavity will be linearly polarized. In addition, the cavity decreases 
opacity in the line of sight. Therefore, when we observe the star-forming region from the outside of the 
region, the observed LP distribution indicates the existence of a cavity in the cloud [44]. In fact, on star 
formation, a bipolar cavity around the forming star is often produced in a parent cloud, by outflows and 
jets from the forming star. As numerical simulations show [47], the LP region can appear depending on 
inclination of the system. Further, the direction of LP tends to be centrosymmetric around the major light 
source [44]. The star-forming region often has many young stars. The direction map of observed LP 
indicates the dominant light source of the observed region. 
 
 
 Although discussion of many proposed mechanisms leading to homochirality of the terrestrial 
life is useful for consideration of the terrestrial life on our Earth and various extrasolar life on ESPs 
around nearby stars which would be directly observed in future [48], in this chapter, we focus on the idea 
of the extraterrestrial origin leading to homochirality, considering circular polarization in space. It would 
be important to consider a consistent theory with the birth and evolution of Earth in the solar system. In 
section 2, the organic materials and water in space is reviewed, as possible necessary material for life 
and chirality. In section 3, enantiomeric excess (EE) in meteorites and asymmetric photochemistry by 
circularly polarized light (CPL), and amplification of EE are reviewed. In section 4, the source of CPL in 
space is reviewed. These are summarized in section 5. 
 
 
2. ORGANIC MATERIALS AND WATER IN SPACE 
2.1 Extraterrestrial Organic Matter, Amino Acid, Amino Acid Precursor, and Sugar 
 Amino acids or amino acid precursors, molecules that provide amino acids after acid 
hydrolysis, are thought to exist in space [49]. Organic matters seem to be popular in space, considering 
detections in our solar and interstellar materials [50, 49]. 
 In our solar system, the carbonaceous chondrite meteorites, which are thought to be the most 
ancient meteorites indicating starting materials of the presolar molecular cloud [51, 52], present organic 
matters including amino acids [53, 54, 55, 56, 57]. Interplanetary dust particles, which are thought to be 
samples of primitive objects [58, 59], also show organics [60, 61, 62, 63]. The recent returned samples 
by spacecraft from comet 81P/Wild 2, which can be the accreted materials during the formation of our 
solar system, showed organics [64, 65, 66, 67] including amino acid [68], glycine confirmed by the 
stable carbon isotopic ratios [69].  
 Glycine (NH2CH2COOH) is the simplest and achiral (i.e., not chiral) amino acid, which is 
used in life. Since 1979 [70], glycine has been investigated in interstellar medium involving controversy 
[71, 49]. The detection of interstellar glycine was proposed in several interstellar clouds including the 
Orion KL [72], followed by different perspectives [73]. 
 Amino acetonitrile (NH2CH2CN), which is a possibly direct amino acid precursor of glycine, 
was detected in one of Galactic major center sources of activity, Sagittarius B2(N), indicating of 
formation by grain surface chemistry [74]; Sagittarius B2 is a very massive (several million solar 
masses) and extremely active region of massive-star formation near the Galactic center (projected 
distance of about 100 pc from the Galactic center). 
 Organic molecules have been detected in interstellar and circumstellar medium [49], for 
example, in high mass star forming region such as the Orion KL [75, 76], low mass star forming region 
such as IRAS 16293-2422 [77, 78], and protoplanetary disks [79, 80]. 
 Interstellar glycolaldehyde (CH2OHCHO), the simplest possible aldeyde sugar, was detected 
in the Sagittarius B2(N) [81]. Toward the Sagittarius B2(N-LMH), interstellar ethylene glycol 
(HOCH2CH2OH), the sugar alcohol of glycolaldehyde, was detected [82]; The three-carbon keto ring, 
cyclopropenone (c-H2C3O) was detected, with no detection of the three-carbon sugar glyceraldehyde 
[83]. 
 
2.2 Extraterrestrial Water 
 Water, which could contribute to development of chirality and life, seems to be broadly 
distributed in the universe [84], apart from its phase. In our solar system, our Earth has solid, liquid, and 
vapor water. High resolution images of Martian surface by the Mars Global Surveyor suggested the 
liquid water seepage and surface runoff on Mars [85]. The ultraviolet imaging spectrograph of the 
Cassini space craft revealed a water vapor plume in the south polar region of Saturn’s moon, Enceladus 
[86]. The observation of the disk-averaged light of another moon of Saturn, Titan, indicated water icy 
bedrock [87]. The solid water ice deposits were directly detected on the surface of comet 9p/Tempel 1 on 
the Deep Impact mission, suggesting that the surface deposits are loose aggregates [88]. In our outer 
solar system, the presence of crystalline water ice was reported on the Kuiper belt object (50000) Quaoar 
in the Kuiper belt, which is consist of solid bodies beyond Neptune and yields comets [89]. 
 In outside of our solar system, the water vapor was detected in the atmosphere of an ESP, a 
transiting hot Jupiter [90]. Water vapor and organic molecules were indicated in the inner protoplanetary 
disk around a classical T Tauri star, which is thought to be a young sun-like star, using the Spitzer Space 
Telescope [91]. The water ice grains were detected in the circumstellar disk around a Herbig Ae star, 
which is thought to be a young massive star, using Subaru Telescope [92]. H2O maser emission is 
detected in massive star-forming regions [93] including the Orion KL [94]. The ortho-H2O emission was 
detected in molecular cloud cores [95]. Numerical simulations of terrestrial planet formation indicate the 
possibility of broadly distributed water in planetary system, depending on conditions [96]. 
 
3. ENANTIOMERIC EXCESS AND ASYMMETRIC PHOTOCHEMISTRY 
3.1 Enantiomeric Excess in Meteorites and the Late Heavy Bombardment 
 Detections of enantiomeric excesses (EEs) of amino acids in several meteorites (Murchison, 
Murray, Orgueil) have been reported, with small EEs of the same handedness as terrestrial life [97, 98, 
99, 100, 101, 56]. The detections of EEs from meteorites which have fallen down to Earth indicate that 
EEs in meteorites survive through infall to Earth’s atmosphere, and EEs in meteorites survive through 
long time after EEs were formed, as the stability of chiral amino acids against radionuclides decay in 
comets and asteroids in 4.6 billion years is investigated by experiments [102]. The detections of EEs 
support the hypothesis of the extraterrestrial origin of life which was seeded by delivery of organics from 
outer space. 
 If meteorites (and small objects in our solar system) brought seeds of life to Earth, the 
efficiency and the period is to be considered. The first terrestrial life appeared on Earth probably before 
about 3.8 billion years ago, indicated by sedimentary protolith [103, 104] and sedimentary rocks [105] 
from the Isua supracrustal belt in west Greenland. About 3.9 billion years ago, a lot of meteorites fell 
down on Earth’s moon, and then Earth [106], as also indicated by sedimentary rocks from Isua 
greenstone belt in west Greenland [107]. This is called the late heavy bombardment phase, which would 
occur throughout the inner solar system [108]. In this late moment from the birth of Earth (about 4.6 
billion years ago), many drops of meteorites with peculiar EEs could bring peculiar EEs over Earth 
before the emergence of life. Coincidentally, the ocean of Earth probably appeared before about 3.8 
billion years ago [109]. It could be the period for the appearance of terrestrial life. The late heavy 
bombardment is thought to be brought due to the migration of giant planets [110, 111]. If so, the late 
heavy bombardment could be connected with evolution of some type of planetary systems and could 
occur in another planetary system. 
 
3.2 Amino Acid and Amino Acid Precursor by Photochemistry 
 The extraterrestrial origin leading to homochirality requires the material and the mechanism of 
production of EEs of amino acids, in space. Regarding the material, as denoted in section 2, organic 
materials involving amino acids, amino acid precursors, or their elements can be available in space, apart 
from chirality. 
 Apart from EE, amino acids (or amino acid precursors) have been obtained by photochemistry 
in laboratory experiments for interstellar chemistry. In 2002, the analogues of icy interstellar grains (an 
ice film consisting of amorphous H2O, NH3, CH3OH, and HCN) at 15 K were irradiated by ultraviolet 
(UV) light in vacuum. After warming the ices to room temperature, and after hydrolysis, racemic amino 
acids (glycine, alanine, and serine) were obtained [112]. In another experiment, an interstellar ice 
analogue (an ice mixture containing H2O, CH3OH, NH3, CO, and CO2) was irradiated by UV light at 12 
K in vacuum. After warming the system to room temperature, 16 amino acids were identified [113]. 
Only after acid hydrolysis, amino acids were detected at considerable amounts. Results in these two 
experiments were also confirmed in experiments in 2007 [114]. In 2005, an interstellar ice analogue 
containing H2O, CH3OH, NH3, CO, CO2 were irradiated by UV light, at 12 K in vacuum. After warming 
up to room temperature, N-heterocyclic molecules and amines were detected in water extracts [115]. 
Carboxylic acid salts as part of the refractory products were shown using infrared spectroscopy in 2003 
[116]. 
 In 2007, an ice mixture containing H2O, CO2, and NH3 was irradiated with UV light at 16 K in 
vacuum. This starting ice mixture did not contain any organic compound such as methanol (CH3OH) and 
methane (CH4). After 6 times repeat of warming up to room temperature, cooling down, and irradiation, 
finally, the proteinaceous amino acids were identified in the production [117]. A detailed analysis of 
amino acids which was produced by the UV irradiation of interstellar ice analogues was reported in 2008, 
highlighting the contribution of acid hydrolysis to yield amino acids [118]. The experiment using 
naphthalene (C10H8), the smallest polycyclic aromatic hydrocarbon (so called, PAH), was also performed 
with UV in vacuum at 15 K, producing amino acids. The naphthalene was mixed in an ice mixture of 
H2O and NH3 [119]. 
 The mechanism for the formation of the amino acids glycine, serine, and alanine in interstellar 
ice analogs was investigated using isotopic labeling techniques in 2007, indicating the multiple pathways 
to amino acid formation [120]. In 2009, the structures of the products and their formation pathways were 
investigated using deuterium-labeling experiments, indicating the initial photochemical cleavages of 
C-H and N-H bonds, for glycine [121]. The efficiency of photochemical synthesis of glycine on the ice 
surfaces and steady-state equilibrium between photosynthesis and photodestruction of glycine were 
pointed out. 
 Photostability of amino acids against UV photodestruction were investigated [122], as well as 
other small biomolecules were investigated [123]. Amino acids may be preferably destructed in UV, so 
some protections [122] or escapes during accretion [124] may be necessary. On the other hand, 
aminoacetonitrile (H2NCH2CN), which is an amino acid precursor to the amino acid glycine, is more 
stable than amino acid against UV photolysis [125]. 
 
3.3 Enantiomeric Excess by Asymmetric Photochemistry 
 The laboratory experiments show that EE can be yielded by asymmetric photochemistry using 
CPL [126, 127]: asymmetric photolysis, asymmetric synthesis, and asymmetric photoisomerization. 
 In asymmetric photolysis [18, 19, 128], one of the enantiomer is preferentially destructed 
under CPL, and then the other is enriched. The handedness of EE depends on the handedness of the CPL. 
Even elliptically-polarized light can induce asymmetric photolysis with a lesser degree than CPL [129]. 
In 2005, the amino acid leucine in the solid state was photolysed by UV CPL in vacuum, while other 
experiments were often performed in solutions [130]. The experiment showed the highest gain of ~2.6% 
in D-leucine. 
 Remarkably, several recent laboratory experiments have been performed with the interstellar 
analogues, although the interpretation of the results for effective mechanisms is more complex than 
simple experiments. In 2006, the interstellar ice analogues (gas mixtures) were irradiated by UV CPL 
under interstellar-like conditions (80 K, ~10-7 mbar). However, very small EEs (at most ~1%) were 
produced, comparable with the detection limit (~1%) of the chromatography used in the experiment 
(GC-MS) [131]. 
 In 2007, the possibility of asymmetric synthesis of amino acid precursors in interstellar 
complex organic under CPL was demonstrated in laboratory [132]. In their experiment, initially, gas 
mixtures (at room temperature) of carbon monoxide, ammonia and water, which are identified in the 
interstellar medium, were irradiated with high energy protons, yielding complex organic compounds. A 
liquid portion of the proton-irradiated sample was irradiated with UV CPL. Following acid hydrolysis, 
alanine showed EEs of +0.44% and -0.65% by right-handed CPL and left-handed CPL, respectively. 
Comparing an unhydrolyzed fraction with a product following acid hydrolysis, they speculated that 
combined amino acid analogs, rather than free amino acids, were present in the CPL-irradiated samples. 
 
 
 
3.4 Asymmetric Amplification of Tiny Enantiomeric Excess for Amimo Acid and Sugar 
 Even if the EE is small as described in the previous section 3.3, the EE can be amplified by 
some process: asymmetric amplification [133, 134]. Experiments have shown that low EEs can be 
amplified by asymmetric autocatalysis (autocatalysed reactions) [135, 136]. In this reaction, a chiral 
product serves as a chiral catalyst for its own formation in the reaction. Asymmetric autocatalysis of 
2-(tert-butylethynyl)-5-pyrimidyl alkanol showed that low EE (~0.00005%) was amplified to large EE 
(>99.5%) [137].  
 The small EEs can be amplified into solutions, because the solubility of an exclusive 
enaniomer is higher than that of the racemic compound crystal [138, 139, 140, 141]. This 
solubility-based amplification (solid-liquid phase behavior) is asymmetric aldol reaction and can occur 
in aqueous systems. Small EE (~1%) of serine was amplified to large EE (>99%) under solid-liquid 
equilibrium conditions [138]. 
 Homogeneity of right-handed sugars may be initiated by low EEs of amino acids as a catalyst 
[142, 143, 144, 145]. The solubility-based amplification for amino acids in water [138] can also work for 
nucleosides, which would lead to the RNA world [146]. These reactions support that exogenous injection 
of low EEs of amino acids on early Earth yields the homochirality of amino acid and sugar, and then the 
terrestrial life.  
 
4. CIRCULARLY POLARIZED LIGHT SOURCE IN SPACE 
4.1 Possible Sources of Circular Polarization 
 Neutron stars and magnetic white dwarfs seems not to be a CP source yielding of EEs for early 
solar system, considering no detection of CP in optical or few encounters with a molecular cloud or 
star-forming region [147, 124]. On the other hand, CP of young stellar objects (YSOs), which are 
thought to be young stars, has been detected by circular polarimetry. In table 1, the degree of CP of 
YSOs is summarized from previous circular polarimetry. In September 2010, the imaging circular 
polarimetry of YSOs is still scarce, although hundreds of point-like sources in the core of the Orion 
nebula were performed in [148]. According to the previous observations, more massive YSOs appear to 
have larger CP. The possibility of the contribution of the stronger magnetic field with the formation of 
higher-mass stars was pointed out, which leads to more efficient alignment of dust grains [124, 149]. The 
Orion nebula is one of YSOs which have the largest CP. 
. Previous imaging circular polarimetry of YSOs (in Table 1) and numerical simulations 
producing CP in YSOs [159, 160, 47, 161, 162, 149] indicate that a YSO will not usually produce a net 
CP because it will have regions of right-handed and left-handed CP that cancel globally. Such patchy 
distribution of right-handed and left-handed CP could yield patchy distribution of right-handed and 
left-handed EEs, so that meteorites in late heavy bombardment could yield inefficient EEs. To inject 
efficient EEs on early Earth, the entire irradiation on early solar system or its materials by one-handed 
CP would be necessary. 
 
Table 1. The degree of CP (%) of young stellar objects in previous observations. 
Mass Object name The degree of CP (color band) Reference 
high OMC-1 in Orion 
NGC 6334-V 
17(Kn), 5(H), 2(J) 
23(K) 
[147], [150], [148]
[151] 
intermediate HH 135-136 
R CrA 
8 (Kn), 3 (H), 2.5 (J) 
5 (H) 
[149] 
[152] 
low GSS 30 
Cha IRN 
1.7 (Kn), 0.8 (H) 
1 (H) 
[153] 
[154] 
high R Mon 0.4 (R) [155] 
low HL Tau no detection, <0.5 (J, H, K) [156] 
intermediate PV Cep 
V633 Cas 
< 1 (V, I) 
< 1 (V, I) 
[157] 
[157] 
low/intermediate L1551 IR5 < 3 (V, I) [157] 
high GL 2591 < 1 (I) [157] 
low ~hundreds point-like sources in 
Orion 
<~1.5% (H, Ks) [148] 
The table 1 in [157] is updated in September 2010 (see also [158]). The nebulae in the first three 
columns (denoted by bold face) were detected by imaging polarimetry. 
 
 
4.2 Wide Extension of Linear and Circular Polarization in the Orion Nebula 
 LP images of the Orion nebula in NIR using IRSF/SIRPOL revealed the large LP region, 
which extends over about 0.7 pc, in 2006 [163]. The three color bands were used: J (1.25μm), H 
(1.63μm), Ks (2.14μm). The nebulae emitting LP are located around the massive star-forming region, the 
BN/KL region. This extension of LP indicates the existence of large cavities around the young massive 
stars in the BN/KL region. Moreover, the observation showed the linearly polarized Orion bar, several 
small linearly polarized nebulae, and the low LP near the Trapezium. The Trapezium is a group of 
massive young stars and is located near the BN/KL region. 
 CP images of the Orion nebula in Ks band using IRSF/SIRPOL revealed the large CP region, 
which extends over about 0.4 pc, in 2010 (see Figure 1 in [148]). The observed CP extends over a region 
about 400 times the size of the solar system, when the size of the solar system is assumed to be about 
200 AU in diameter. This extension of the CP region is almost comparable to that of the LP region. This 
CP region is located around the BN/KL region. The degrees of CP range from +17% to -5%. The linearly 
polarized Orion bar in linear polarimetry shows no significant CP in circular polarimetry. The small 
linearly polarized nebulae in linear polarimetry show no significant CP. The aperture circular polarimetry 
of the 353 point-like sources, many of which are low-mass young stars, showed that the degree of CP for 
each source is generally small, less than ~1.5% (see Figure 2 in [148]). 
 Although the CP distribution of low mass young stars would not be spatially resolved in 
aperture polarimetry, the result in [148] showed that the point-like sources do not have generally large 
degree of CP. In other words, the point-like source does not emit large one-handed CP from its entire 
face to us. Even if low mass young stars have inherent CP locally, the CP degree would be low as 
spatially resolved nebulae showed low CP degree in previous observations (see Table 1), or/and the 
distribution of right-handed and left-handed CP would be patchy, in which the right-handed and 
left-handed CP are cancelled leading to the appearance of low CP degree when the distribution is not 
spatially resolved. Such CP distribution would yield inefficient EEs on early Earth, as described in 
section 4.1. 
 The major contribution to produce the observed CP in the Orion nebula is thought to be 
dichroic extinction [164, 165]. The light from the central star/stars propagates inside the cavity around 
the central star/stars. The light is scattered at the wall of the cavity, linearly polarized, and goes though 
the surrounding cloud. When the dust grains are non-spherical and somewhat aligned in the cloud, the 
incident linearly polarized light is (partially) circularly polarized. In other words, the aligned dust grains 
in the cloud behave like 1/4 wave plate for the incident LP. This situation can be connected with a simple 
relation between LP, CP and the color excess in the imaging observation. In fact, the observed 
correlation between LP, CP and the color excess agrees with the relation [165]. 
 UV light in star-forming regions can not be directly observed. The dust grains drifting in 
star-forming regions prevent us to observe by UV light. Therefore, observations of star-forming regions 
are often performed in near-infrared. Numerical simulations to produce CP in a modeled space are 
helpful to investigate UV CP in star-forming regions [147, 162]. 
 
 
5. CONCLUSION 
 Detections of EEs in several meteorites support the possibility that the seed of life was injected 
from space. CPL could bring the EE of prebiotic molecules in space, as shown in experimental works on 
photochemistry under UV CPL. EE by photochemistry under CPL would be small. However, several 
mechanisms for amplification of the EE into almost pure enantiomers have been shown in experiments. 
 Recent astronomical observations by imaging circular polarimetry of star-forming regions are 
now revealing the distribution of CPL in space. The observed significant CP in the core of the Orion 
nebula extends over a region about 400 times the size of the solar system. If a solar system would be 
formed in such nebula and be irradiated by CP, EE would be produced by asymmetric photochemistry 
and yield EE with meteorites and small objects onto an early planet/moon. This could result in life with 
homochirality. 
 The observed CP in the Orion nebula showed wide extension of both regions of right-handed 
and left-handed CP. Since the EE yielded by CP is dependent on the handedness of CP, this result might 
indicate that the handedness of possible EE produced by CP is different among those CP regions in the 
Orion nebula. 
 For deep insights on terrestrial life, extrasolar life, and the origin of life in the universe, it 
would be important to consider both of the place where life is able to live, the habitable zone, and the 
place where life is able to originate, what we shall call the originable zone. A habitable zone and an 
originable zone would not be equal. However, they would have partial overlap. 
 The Orion nebula seems to be located in the galactic habitable zone. The Orion nebula harbors 
a lot of stellar systems, some of which would harbor the circumstellar habitable zone. When the CPL in 
the massive star forming region, the BN/KL region, contributes to the EEs and leads to the homochirality 
for the terrestrial life, the Orion nebula would harbors the originatable zone for the terrestrial life. The 
Orion nebula, a young star-forming region, whose age is about one million years, seems to bring the 
extraterrestrial life in future. In billions of years, some extraterrestrial intelligences on some ESPs from 
the Orion nebula might watch the end of our Earth and us, who might watch the birth of them. 
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